S1
Collision frequency of the moving spherical cluster with the Maxwellian carrier gas
The convenient system of coordinates to start with is the one where the cluster is at rest. The number of carrier gas molecules dΥ colliding with an area of the sphere dS with a velocity component normal to the cluster's surface in the interval from u n to u n + du n per unit time can be written
where n is the number density of the carrier gas, k is the Boltzmann constant and T is the temperature. The prime in u n means that the velocity is given in the system of coordinates moving with the cluster. It is related to the velocity in the observer's coordinates through u n = u n + v cos θ, where v is the cluster velocity. Note that the positive direction for the cluster's velocity coincides with the direction of its movement but the normal component of the carrier gas velocity has the direction toward the cluster. The surface area element is written in spherical coordinates dS = R 2 sin θdθdφ, where φ is the azimuth angle as depicted in Figure 2 of the main text. Eq. (S1) assumes that the Maxwellian distribution holds for u n . To obtain the total collision frequency Υ one needs to integrate Eq. (S1) over the total surface area of the effective sphere and over u n from 0 to ∞.
The actual calculation is more convenient to perform in the observer's coordinates. After making transformation of the coordinates, explicitly writing the surface area element in terms of the angles and radius of the effective sphere and integrating over azimuth angle Eq. (S1) transforms to
The collision frequency per unit polar angle and per unit normal component of the carrier S2 gas velocity is
If properly normalised, this can be considered as a PDF of collision for two random variables θ and u n . The normalisation constant is the total collision frequency Υ.
Therefore, the PDF for the normal component of the carrier gas velocity u n and for the angle θ at collision is
The collision frequency per unit polar angle can be obtained by integrating Υ θ,un over all possible values of u n
Hence, the PDF for angle θ at collision is
Random values for two variables governed by a PDF given by Eq. (S5) in practical simulations can be obtained as follows. First, get a set value for θ c using the PDF defined by Eq.
(S7). Second, obtain the value for u n using the conditional PDF f 2|1 (u n |θ c ), which is the probability density function to observe u n provided the angle has the value θ c defined in the first step. According to probability theory f 2|1 (u n |θ c ) can be obtained using the relation
S3
In our case Eq. (S8) reads
The collision frequency per unit polar angle and total collision frequency can be obtained explicitly by integrating Eqs. (S6) and (S4), respectively. Thus, we have
and
where erf is the error function.
The probability P e (t) for the cluster to escape collision for the time interval from 0 to t can be calculate in a similar way as a survival fraction for any unimolecular reaction
where the time interval is counted from the previous collision event or from the beginning of the simulation. The cumulative probability to experience at least one collision in the same time interval is F c (t) = 1 − P e (t). Hence, the PDF for the time between collisions is
S2 PDF of the relative translational energy of the cluster and the carrier gas molecule right after collision
We have translational and vibrational degrees of freedom in the system. At first we define several quantities. The total number of states in the interval of the total energy of the
The number of states in the system when the translational energy is within t and t + d t , and the total energy is within E com and E com + ∆E com is
Obviously,
According to the microcanonical principle all states having the same energy can be observed with equal probability. Therefore the probability dP t ( t ) to observe translational energy in the interval from t to t + d t equals to the ratio of the number of states in the translational energy interval from t to t + d t to the total number of states in the total energy interval from E to E + ∆E. Hence, using Eqs. (S14), (S15) and (S16) we have
Therefore, the PDF of t Table S2 : Rotational constants of the cluster and the products of fragmentation
S4 List of symbols
Latin symbols in alphabetic order a is the acceleration of the ionised cluster B is the auxiliary factor used to multiply the fragmentation rate constant for studying the sensitivity of the results on the variation of the rate constant b is the impact parameter b max is the maximal impact parameter leading to the formation of the cluster c is the random value in the interval from 0 to 1 obtained from random number generator d is the lower limit of the interval where the random variable can be defined E is the the sum of the cluster rotational and vibrational energies (internal energy)
E com is the vibrational energy of the "collisional complex"
E f is the fragmentation energy − → E is the electric field F (χ) is the general notation for the cumulative probability F c (t) is the cumulative probability to experience at least one collision in the time interval from 0 to t F f (t) is the cumulative probability for the cluster to get fragmented
is the probability density function (PDF) for collision of the cluster with the carrier gas molecule at abitrary θ and u n f 1 (θ) is the PDF for collision of the cluster with the carrier gas molecule at arbitrary angle θ f 2|1 (u n |θ c ) is the conditional PDF for for collision of the cluster with the carrier gas molecule at arbitrary u n and certain θ c f c (t) is the PDF to experience a collision f n ( t ) is the PDF to observe energy t in the relative motion of the cluster and carrier gas molecule after collision f r ( r ) is the PDF to observe energy r f f (t) is the PDF for the cluster to be fragmented f (χ) is the general notation for the PDF for random variable χ g(w) is the fitted function for relating the maximal impact parameter and rotational and translational energies of the products of fragmentation h is the upper limit of the interval where the random variable can be defined h is the reduced Planck constant I is the cluster (solid sphere) moment of inertia I 1 , I 2 are the moments of inertia of the products of fragmentation A and AB, respectively 
is the number of boxes where the cluster is intact
is the number of boxes where the cluster is fragmented
is the total number of the boxes, each box contains a cluster or its products of fragmentation n is the number density of the carrier gas P e (t) is the probability for the cluster to escape collision in the time interval from 0 to t P in (t) is the probability for the cluster to stay intact in the time interval t dP t ( t ) is the probability to observe translational energy in the interval from t to t + d t dP tr (ε t , ε r |ε − r ) is the probability to observe certain energy distribution between degrees of freedom of the fragmentation products provided by their total energy equal to ε − r q is the charge of the cluster R is the radius of the cluster R g is the radius of the carrier gas molecule S10 R is a radius of the effective sphere (R = R + R g ) − → r 1 , − → r 2 are the products' radius vectors drawn from their centre of mass S is the surface area of the ionised cluster T is the temperature of the carrier gas t is the time counted from the previous collision or from the beginning of the simulation u n is the component of the carrier gas velocity normal to the ion's surface at the point of collision u i0 is the i-component of the carrier gas molecule velocity just before a collision in the system of coordinates where the cluster is at rest u i , u k are the i,k-components of the carrier gas molecule velocity, respectively, after a collision in the system of coordinates where the cluster have been at rest just before the collision u n is the same as u n but in the system of coordinates where the ionised cluster is at rest V is the volume of the system v is the ionised cluster velocity − → v 0 is the velocity right after collision or at the beginning of the simulation v com is the velocity of the "collisional complex" in the system coordinates where the cluster is at rest v i , v k are the i,k-components of the cluster velocity, respectively, after a collision in the system of coordinates where the cluster have been at rest just before the collision w is the dimensionless sum of the relative translational energy of the fragmentation products and rotational energy of A x, y, z is the set of Cartesian coordinates for modelling area, electric field is directed opposite to positive direction of z axis
Greek symbols in alphabetic order
α is the angle defining the direction of the tangential to the cluster component of the colliding carrier gas molecule α A is the polarisability of A γ(ε) is the microcanonical fragmentation rate constant γ 0 (ε − r ) is the fragmentation rate of the cluster, which does not have angular momentum
∆Γ is the total number of states in the interval of the total energy of the "collisional complex" from E com to E com + ∆E com ∆ 2 Γ t is the number of states in the system when the translational energy is within t and t + d t , and the total energy is within E com and E com + ∆E com r is the cluster rotational energy right after a collision r0 is the cluster rotational energy just before a collision t is the energy of the relative translational motion of the cluster and the carrier gas molecule v is the vibrational energy of the cluster right after collision v0 is the vibrational energy of the cluster just before the collision ε is the total energy of the products (includes their relative translational, rotational and vibrational motions) ε r is the rotational energy of the products of fragmentation ε t is the translational energy of the relative motion of the fragmentation products ε v is the sum of vibrational energies of the products ε t , ε r are the auxiliary variables having dimension of energy − → ζ , − → η , − → ξ is the set of orthogonal vectors for description of the collision between the products of fragmentation Θ β , Θ δ , Θ λ , are the rotational constants for the principal axes θ is the polar angle for describing the ionised cluster surface. It is counted from the direction of the velocity of the cluster S12 µ is the reduced mass of the cluster and the carrier gas molecules µ D is the dipole moment of A µ p is the reduced mass of the products of fragmentation
is the density of states, which correspond to the intact cluster ρ com is the combined density of states of the vibrational modes of the cluster together with the relative translational motion of the cluster and the carrier gas molecule ρ p (ε) is the density of states, which correspond to the fragmented cluster ρ pt (ε t ) is the density of states of the relative translational motion of the fragmentation products ρ pr (ε r ) is combined rotational density of states of the fragmentation products
is the combined vibrational density of states of the fragmentation products ρ r ( r ) is the cluster rotational density of states
is the density of states of the relative translational motion of the cluster and carrier gas molecule ρ tot (E) is the density of states intact and fragmented cluster altogether ρ v ( v ) is the vibrational density of states of the cluster σ is the collision cross section of the products of fragmentation dτ is the probability of collision per unit time when the impact parameter is in the interval from b to b + db Υ is the total collision frequency of the carrier gas molecules with the ionised cluster Υ θ is the total collision frequency of the ionised cluster with carrier gas molecules per unit polar angle Υ θ,un is the total collision frequency of the ionised cluster with carrier gas molecules per unit polar angle and per unit normal component of the carrier gas velocity − → υ 1 , − → υ 2 and − → υ are the velocity of A, AB and their relative velocity, respectively φ is the azimuth angle for describing the cluster surface χ is the general notation of the random variable S13 χ c is the solution of equation F (χ) = c − → ω is the vector of the cluster angular velocity ω i , ω j , ω k are the i, k-components of the cluster angular velocity, respectively, after a collision ω i0 , ω k0 are the i, k-components of the cluster angular velocity, respectively, just before a collision
Chemical notations
AAB is the ionised cluster, consists of two sulphuric acid molecules and bisulphate anion A stands for sulphuric acid H 2 SO 4 B denotes the bisulphate anion HSO -4
